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Primates live in complex social groups and rely on social cues to direct their attention. For
example, primates react faster to an unpredictable stimulus after seeing a conspeciﬁc look-
ing in the direction of that stimulus. In the current study we tested the speciﬁcity of facial
cues (gaze direction) for orienting attention and their interaction with other cues that are
known to guide attention. In particular, we tested whether macaque monkeys only respond
to gaze cues from conspeciﬁcs or if the effect generalizes across species. We found an
attentional advantage of conspeciﬁc faces over human and cartoon faces. Because gaze
cues are often conveyed by gesture, we also explored the effect of image motion (a simu-
lated glance) on the orienting of attention in monkeys.We found that the simulated glance
did not signiﬁcantly enhance the speed of orienting for monkey-face stimuli, but had a
signiﬁcant effect for images of human faces. Finally, because gaze cues presumably guide
attention toward relevant or rewarding stimuli, we explored whether orienting of attention
was modulated by reward predictiveness. When the cue predicted reward location, face,
and non-face cues were effective in speeding responses toward the cued location. This
effect was strongest for conspeciﬁc faces. In sum, our results suggest that while con-
speciﬁc gaze cues activate an intrinsic process that reﬂexively directs spatial attention,
its effect is relatively small in comparison to other features including motion and reward
predictiveness. It is possible that gaze cues are more important for decision-making and
voluntary orienting than for reﬂexive orienting.
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INTRODUCTION
The social orienting hypothesis is the idea that social animals take
cues about where to direct their attention from other members
of their social group. It posits a natural link between social cues
and visual spatial attention. Behavioral correlates of social ori-
enting have been reported in humans and non-human primates
(DeanerandPlatt,2003;NummenmaaandCalder,2009;Hilletal.,
2010).Facesareanaturalsourceofattentionalcuesthatseemtobe
inherently social. However, gaze direction is a complex visual cue
and the speciﬁcally social component may be difﬁcult to isolate.
Given that animals are more likely to engage in social interac-
tions within their own species, one might predict that if gaze is
inherently social, then attention to gaze cues in monkeys should
depend on whether the cue is conveyed by another monkey, a
human,or other face-like stimulus. In the current study we tested
whether orienting of attention to gaze direction in macaques is
restrictedtocuesof conspeciﬁcsorif itgeneralizestootherspecies
or even cartoon drawings of faces. Attention to facial cues may
also depend on how realistic and reliable the cue is. Thus, we also
tested whether gaze cues are enhanced by adding motion to the
cue stimulus, or by making the cue more reliably predictive of
reward.
Spatial attention is automatically guided toward salient and
or unpredictable stimuli such as a ﬂash of light or a loud noise
(reﬂexive or exogenous orienting of attention). However, less
salientcuessuchasarrowsmayalsoorientattentioniftheyreliably
predict the occurrence of a relevant stimulus at a particular loca-
tion in space (endogenous orienting of attention; Jonides, 1981;
NakayamaandMackeben,1989).Orientingtogazecuesmaybean
automated or reﬂexive form of endogenous orienting: it assumes
that attention is guided by an innate tendency to orient to stim-
uli that are being attended by conspeciﬁcs. As direction of gaze is
highlycorrelatedwiththelocusofattention(Baron-Cohen,1995),
gaze-following is thought to be an important indicator of social
orienting.
Orienting of attention to gaze direction has been studied using
an endogenous version of the Posner paradigm (Posner,1980). In
this task,subjects view a picture of a face with gaze averted toward
oneside,givingtheimpressionthatthedepictedsubjectisﬁxating
an object of interest located somewhere off to the side. Human
subjects respond signiﬁcantly faster when asked to make a sac-
cadeinsamecomparedtotheoppositedirectionthatthedepicted
subject is attending to (Driver et al., 1999; Friesen and Kingstone,
2003; Friesen et al., 2004; Ristic and Kingstone, 2005; Ristic et al.,
www.frontiersin.org June 2012 | Volume 3 | Article 202 | 1Yu et al. Attention to gaze cues in monkeys
2007; Tipples, 2008). It is important to note that this orienting
effect can be considered automatic or reﬂexive because it reliably
occursinsituationswhendirectionof gazehasnopredictivevalue
(Friesen and Kingstone, 1998; Driver et al., 1999; Langton and
Bruce, 1999; Langton, 2000; Deaner and Platt, 2003).
Similar effects of orienting to gaze direction have also been
reported in non-human primates. Face processing and gaze-
following behavior in monkeys are special perceptual processes
that are innate, and infant monkeys reared with no exposure to
any faces are able to discriminate human faces as well as monkey
faces (Sugita, 2008). Gaze-following in Barbary monkeys devel-
ops within the ﬁrst year of life with a rapid increase between the
ﬁfth and sixth month. Such gaze-following behavior was shown
to enhance when accompanied by a facial expression (Teufel et al.,
2010). The effect of social cues on choice behavior has been stud-
ied in chimpanzees (Horner et al., 2011; Martin et al., 2011). Face
recognition and responses to facial expression develop within the
ﬁrst 2months in infant chimpanzees,but learning of gestural cues
such as pointing may take much longer in this species (Tomonaga
et al., 2004).
In rhesus monkeys (Macaca mulatta) Deaner and Platt (2003)
have shown that the direction of gaze or orientation of the head
elicit reﬂexive orienting of attention. These studies suggest that
there is a similar neural circuitry mediating social attention in
humans and macaques. However, several important questions
regarding the precise role of gaze cues in guiding attention remain
open.Forexample,itisnotknownwhethermacaquesusegazecues
only from conspeciﬁcs or if the effect generalizes to other species
such as humans. Similarly it is not know whether the effects of
gaze cues are uniquely social or if similar effects can be elicited
with non-face cues that presumably have little or no social mean-
ingformacaques.Also,inreallife,gazecuesareneverencountered
as static faces images, but are conveyed by motion (gesture) such
as a glance. Finally,the value of gaze cues is related to their ability
to signal useful information such as reward prediction. To date
the interactions between gaze cues and motion or prediction of
reward have not been investigated.
In our study, we explored these open questions through two
psychophysicalexperiments,theReﬂexiveOrienting(RO)taskand
the Learned Orienting (LO) task. In the RO task, we used static
as well as dynamic versions of face and non-face stimuli to study
theinteractionbetweengazedirectioncuesandmotion.IntheLO
task, we investigated whether reward predictability differentially
affects orienting to both face and non-face cues. In contrast to the
RO task, cue stimuli in the LO task reliably indicated the location
of the rewarded target. Orienting to predictive cues in a social set-
ting could allow additional ﬂexibility, such as knowing when it is
appropriate to look toward a peripheral target or look away (Hill
etal.,2010).Wewereinterestedtowhatdegreemonkeysvoluntar-
ily orient to cues from other monkeys in comparison to humans,
cartoons,or non-face spatial cues. Consistent with previous work
(DeanerandPlatt,2003),staticimagesof conspeciﬁcfaceselicited
a reﬂexive orienting effect in monkeys. This effect was not present
for human or cartoon-face cues, suggesting an intrinsic species-
speciﬁc attention orienting mechanism. When dynamic images
were used in the RO task,a congruence effect was observed across
allfaceandnon-facestimulipresented.However,motioncueshad
little to no additional effect on the magnitude of the congruence
effectfortheconspeciﬁcfaces.IntheLOtask,resultsindicatedthat
the learned component of orienting was not any greater for face
cues than non-face cues. However, the largest improvements in
accuracy and choice reaction time, behavioral outputs associated
with decision-making, were obtained with monkey-face cues. We
suggest that gaze cues may be equally if not more important for
decision-making than for reﬂexive orienting of attention.
MATERIALS AND METHODS
Experimentswere performedonthreeadult malerhesusmonkeys
(M. mulatta) weighing between 7 and 12kg. All methods were
approved by the Institutional Animal Care and Use Committee
at Columbia University and the New York State Psychiatric Insti-
tute,and adhere to theARVO Statement for the Use of Animals in
OphthalmicandVisualResearch.Monkeyswerehousedinaroom
with 20–25 other monkeys. They were able to interact and social-
ize with a partner animal directly or through a transparent plastic
separator. They interacted directly with humans on a daily basis.
Monkeys were prepared for experiments by surgical implantation
of a post used for head restraint. Eye position was recorded using
a monocular scleral search coil system. All surgical procedures
were performed using aseptic technique and general (isoﬂurane
1–3%) anesthesia. Monkeys selected for this behavioral study also
participated in single-cell recordings. Even though less invasive
eye tracking procedures were available, the monkeys were already
implantedwitheyecoilandheadpostpriortothisstudyforphysi-
ology experiments. Monkeys were trained to sit in a primate chair
for the duration of the experiment with their heads restrained
and perform the behavioral tasks. Monkeys were water restricted
and received liquids for performing the behavior tasks. Monkeys
received water or tang according to preference. For every correct
trial, subject received 0.2ml of juice for performing a trial. The
totalamountof waterwasnotlimitedbytheexperimenters.Mon-
keyswereallowedtocontinuetoreceiveﬂuidsaslongastheywere
willing to perform the task. Each monkey completed between 800
and1200trialspersessionandreceivedabout150–300mlperses-
sion.Monkeysgenerallyreceivedsupplementalﬂuidsorfruitafter
each session.
VISUAL STIMULATION AND EYE MOVEMENT RECORDINGS
Visual stimuli were generated and controlled by a Cambridge
Research Systems VSG2/5 video frame buffer. The output from
the video board was displayed on a calibrated 37-in color mon-
itor (Mitsubishi) with a 60-Hz non-interlaced refresh rate. The
monitor stood at a viewing distance of 24in so that the display
areasubtendedroughly40˚horizontallyby30˚vertically.Thespa-
tial resolution of the display was 1280 pixels by 1024 lines. The
visual stimuli used during the task consisted of a 0.5˚ square red
ﬁxation cue, a 15.2˚12.2˚ stimulus, followed by one or two 1.0˚
circularredsaccadetarget14.3˚fromthecenter.Allimagesusedin
thetasks(monkeyimages:YerkesRegionalPrimateCenter,human
images:SandersonandPaliwal,2002)wereeditedandprocessedin
Photoshop CS2 (Adobe).All stimuli were presented on a uniform
blackbackground. Theframe bufferwas programmedto sendout
digital pulses (frame sync) for timing purposes at the beginning
of each video frame in which a target was turned on or off. These
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pulses were recorded by the computer using a hardware timer and
stored together with the neuronal and eye movement data.
Eye position was monitored using a monocular scleral search
coilsystem(CNCEngineering).Theeyepositionsignalswerethen
digitally sampled by computer at 500Hz per channel, digitized
with12-bitresolutionandstoredonadiskforofﬂineanalysis.Eye
velocity was computed from eye-position using a differentiating
digital ﬁlter (Gaussian ﬁrst derivative). Eye position and veloc-
ity were used to estimate saccade latency, amplitude, and velocity.
Saccade onsets and offsets were computed using an acceleration
criterion.
BEHAVIORAL PARADIGMS
Three monkeys (monkeys F, C, and H) were tested in a Reﬂexive
Orienting (RO) task (Figure 1B) and two monkeys (monkeys F
andC)intheLearnedOrienting(LO)task(Figure1C)separately.
Forbothtasks,stimulusimagecategoriesincludedfaceorface-like
cues(amonkey,human,orcartoonfacelookingtoeithertheright
or left) and clearly non-facial cues (an asymmetric form such as
anovalwithanoff-centerdot;Figure1A).Eachstimuluscategory
consisted of 6–10 different images. The RO task employed both
static and dynamic cue stimuli, whereas the LO task consisted of
only dynamic cues. Static cues were photographs of faces looking
to the left or right, or ovals with an off-center dot. Dynamic cues
consisted of two-frame motion. In the ﬁrst frame, the face was
looking straightahead (or thedot was centeredin theoval). In the
second frame,the eyes looked to the left or right (or the dot in the
oval was offset). The change in horizontal position of the eyes or
dot was the same (1˚) across all stimuli.
The RO task tested whether monkeys would orient toward the
direction implied by a cue stimulus, even though this cue did not
predict the location of the saccade targets. In the static version
of this task (Figure1A),each trial was initiated when the monkey
ﬁxatedonasmallredsquare(0.5˚width)inthecenterof thevideo
display presented on a dark background. The monkey continued
to look at the ﬁxation stimulus for a delay period of 500–2000ms
(delay times were drawn from a uniform random distribution).
After the delay, the cue stimulus (face with averted gaze or off-
center dot) was presented in the center of the display while the
monkey continued to ﬁxate there. After a further 50- to 550-ms
delay (random uniform distribution), a single peripheral saccade
target appeared either to the left or right of the cue (the target size
was 1˚, and the horizontal location was 14.3˚ from the center of
the display). The location of the peripheral target was random-
ized as was the direction of gaze or dot offset of the cue stimulus.
Hence,the cue was not predictive of the target location. If the tar-
get position happened to be consistent with the cue direction, the
trial was classiﬁed as congruent; otherwise the trial was classiﬁed
incongruent.
In the dynamic version of the RO and LO tasks, a cue stimu-
lus was presented during the initial delay period of 500–2000ms.
This stimulus was either a face with eyes directed straight ahead
or a centered dot. The red ﬁxation target was superimposed on
the cue image. At the end of the ﬁrst delay, the cue image was
replaced with an image that was identical except that the eyes or
dot were offset to the left or right. This created the two-frame
motion mentioned above. Except for the appearance of the cue
in the ﬁrst delay interval, the static and dynamic cue trials were
identical.
The monkeys were rewarded with juice or water for making a
saccade to the peripheral target. If eye position moved outside the
ﬁxation window before the peripheral target appeared, the trial
was aborted without reward.
For the LO task, the timing of the ﬁxation spot, stimulus cue,
and peripheral target was identical to the RO task. In this task
(Figure 1C), a single peripheral target was presented on 30% of
trials and the location of this target was not predicted by the cue
stimulus. These trials were identical to the dynamic version of the
RO task, and served as control trials in the LO task. However, on
the remaining 70% of trials, two identical peripheral stimuli were
presented.Onestimulus(the“target”)wascongruentwiththecue,
andtheother(the“distractor”)waspresentedontheoppositeside.
On these trials, the cue was always congruent with the target, and
themonkeywasrewardedonlyifhelookedatthetarget.Unlikethe
ROtask,onlydynamicstimuliwereused.Single(0distractor)and
double(1distractor)targettrialswererandomlyinterleavedinthe
ratio 3:7. Single and double target trials were indistinguishable to
the subject until the targets appeared.
STIMULUS SALIENCE
The different classes of image used in these experiments varied
not only in terms of high-level content, but also with respect
to low level image characteristics, speciﬁcally, spatial frequency
contentandmotionenergy.Toexplorewhethertheseimageprop-
erties might have contributed to the behavioral effects described
above,we quantiﬁed the spectral energy content of the ﬁve classes
of image: cartoon face (Cface), static dot on white background
(Dots1),movingdotontexturedbackground(Dots2),humanface
(Hface), and monkey face (Mface). Figure 2A shows the Fourier
frequency spectrum of each image. For each spatial frequency,
energy was averaged over all orientations.
For dynamic stimuli,we computed motion energy (Figure2B)
using a direct implementation of the model described by Adelson
and Bergen (1985). The parameters of the model were optimized
for each image class individually. Of all stimuli used,cartoon-face
cues and spatial dot cues possessed the strongest motion energy
due to the fact that they had the highest contrast features.
DATA ANALYSIS
The RO and LO tasks had 32 conditions [4 stimulus types (mon-
key face,human face,cartoon face,off-center dot)2 cue motion
conditions (static or dynamic)2 gaze directions (left/right)2
target directions (left/right)]. Trials were classiﬁed as congruent
if the gaze direction of the cue image was the same as the target
direction, and incongruent if the target direction was opposite to
the cue direction. Staticand dynamic versions of theRO task were
collected in separate alternating sessions. The 0 distractor and 1
distractor trials of the LO task were randomly interleaved within
a session.
Saccades in both tasks were quantiﬁed as horizontal eye dis-
placements with a minimum amplitude of 7.15˚ (i.e., saccades
that stopped less than half way to the target were excluded).
Saccades were divided into three categories: anticipatory sac-
cades, microsaccades, and reactive saccades (Figure 1D). Reactive
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FIGURE 1 | Experimental paradigm. (A) Examples of stimuli used. (B)
Schematics of the Reﬂexive Orienting (RO)Task. Animals directed their
gaze to the ﬁxation spot, and after 500ms delay, static or dynamic cue
stimuli were shown at random. After a variable SOA, a peripheral target
appeared either on the cued or un-cued one side of the stimulus.
Animals made saccades to the target to receive reward. (C)
Schematics of the Learned Orienting (RO)Task. Only dynamic cues
were used for the LO task.Thirty percent of the trials consisted of
single target trials, where the center cue had no predictive value
regarding target location.The other 70% of trials were dual target trials
in which the central cue correctly predicted reward location. Saccades
made to the distractor target were not rewarded and counted as
incorrect trials. (D) RT was calculated as the time from target-onset
(not cue onset) to the initiation of the saccade.
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FIGURE 2 | Spatial frequency content and motion energy of
stimulus images. (A) Fourier frequency spectrum averaged over all
orientations for each stimulus category. (B) Motion energy
computed by Adelson and Bergen (1985) model with ﬁlters
optimally tuned to the direction and speed of pupil motion in each
image class.
saccades were deﬁned as those initiated after the target-onset,and
were rewarded if they landed within a 6˚ window centered on the
peripheral target. Anticipatory saccades were those initiated prior
to target-onset. Anticipatory saccades accounted for less than 5%
of all saccades. Microsaccades were deﬁned as those with hor-
izontal displacements less than 1.0˚. Anticipatory saccades and
microsaccades were not rewarded.
Reaction time (RT) was measured relative to the onset of the
peripheral target, not the onset of the cue. We deﬁne cue onset as
the time when the face cue appeared for static trials, or the time
when the face cue shifted gaze for dynamic trials. The asynchrony
betweencueandtarget-onsetsvariedrandomlyfrom50to500ms.
Because shifts of attention are assumed to be triggered by the cue
and tend to be transient,it is typical to measure attentional effects
as a function of “stimulus onset asynchrony”(here, the difference
betweencueandtarget-onset)andthenrestrictanalysistoarange
of SOAs that have signiﬁcant effects. In this study, we combined
data across all SOAs.
Prior to statistical tests, RTs were normalized in the following
manner: First, trials were grouped by monkey, session, saccade
direction,stimuluscategory,cuetype(staticordynamic),number
of distractors, and saccade type (anticipatory vs. target-evoked),
but not by congruence. The mean RT was calculated within each
group. The appropriate mean RT was subtracted from the RT on
eachtrial.Onlyreactivesaccadeswereusedtocalculatethecongru-
enceeffect.NormalizedmeanRTswerecombinedacrossmonkeys
andsessions,butweightedduetothefactthatthetwomonkeyshad
unequal amount of sessions and data. A modiﬁed version of the
weighted two-tailed t-test was used to test for signiﬁcance, where
weightedmeanandweightedvariancereplacedmeanandvariance
in calculating t-value.ANOVA was used to test the effects of stim-
ulus category on un-normalized RT. A binominal test was used to
quantify whether the number of microsaccades and anticipatory
saccades made in the direction of the cue was above chance.
RESULTS
REFLEXIVE ORIENTING TASK
Examples of single trial eye movement behavior superimposed on
the stimulus images are shown in Figure3. The red ﬁxation target
was either centered between the eyes of the face cues or directly
overlapping the dot cues. The ﬁxation window was large enough
to allow the subjects to explore the entire face image. Subjects
preferentially looked at the eyes prior to making saccades directed
toward the peripheral target.
We examined the effect of congruence by looking at RT differ-
ences between congruent and incongruent trials. The congruence
effect has been suggested to reﬂect intrinsic or reﬂexive orienting
of attention in the direction indicated by the gaze cue (Deaner
and Platt,2003). The number of sessions and trials for each mon-
key were as follows: Monkey C: 7 sessions, 5363 trials; Monkey F:
13 sessions, 8970 trials; Monkey H: 10 sessions, 9140 trials. Data
were normalized by grouping trials by monkey, session, saccade
direction,and stimulus type. The mean RT within each group was
subtracted from sample RT on each trial. The results are shown
in Figure 4A. A signiﬁcant main effect for congruence (congru-
ent vs. incongruent trials) was observed (ANOVA, main effect:
dfD1, F D8.87, p D0.0029). Post hoc weighted t-tests conﬁrmed
previous ﬁndings that static conspeciﬁc face cues elicited a signiﬁ-
cantcongruenceeffect(RTdifference:5.3ms,weightedtwo-tailed
t-test: p D0.05). A congruence effect was also observed for a sim-
ple off-center dot stimulus (RT difference: 7.9ms, p <0.001). In
contrast, human- and cartoon-face cues did not elicit signiﬁcant
congruence effects. The overall reaction time distributions for
congruent and incongruent trials are shown in Figure 4B.
In nature, gaze cues rarely occur as static images, but are sig-
naled by a gesture,such as gaze shift or glance. We mimicked gaze
shifts with a two-frame motion stimulus, which we refer to as a
“dynamic cue.” In the ﬁrst frame, the eyes of the cue face looked
directly at the subject. In the second frame,the eyes were diverted
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FIGURE 3 | Eye position superimposed on stimulus images.
Direction of gaze from an example session (700 trials) was
superimposed on examples taken from each stimulus category.The
amount of time the subject spent looking at a particular spot on the
stimulus image was indicated by the heat-map color distribution. For
both frame 1 (direct gaze) and frame 2 (averted gaze), the subject spent
longest looking at the eyes of monkey-face, cartoon-face, and
human-face stimuli.
eithertotheleftortheright.Thetimeintervalbetweentheonsetof
the ﬁrst and second frame was 17ms. Dynamic face and non-face
stimuli were used in the RO task to assess the impact of motion
on the congruence effect (Figure 4C). A main congruence effect
was observed (ANOVA,main effect: dfD1,F D72.38,p <0.001).
Motionenhancedthecongruenceeffectformonkey-facecues(RT
difference: 6ms, p <0.001), non-social off-center dot cues (RT
difference: 10.2ms,p <0.0001),cartoon-face cues (RT difference:
5.5ms, p D0.0037), and human-face cues (RT difference: 8.8ms,
p <0.0001). While the magnitude of the congruence effect was
greatly enhanced for human-face cues (10ms) and cartoon-face
cues(4ms),motionenhancedthecongruenceeffectof conspeciﬁc
face cues by a negligible amount (0.7ms). The overall reaction
time distributions for congruent and incongruent dynamic trials
are shown in Figure 4D.
LEARNED ORIENTING TASK
While the RO task examined the reﬂexive orienting of attention
through face and non-face cues, the Learned Orienting (LO) task
investigated the role of reward predictability on the orienting of
attention. In the LO task, the gaze direction of the face stimuli
and the spatial offset of non-face stimuli indicated which of two
peripheral target was associated with reward. The numbers of ses-
sions and trials for each monkey were as follows: Monkey C: 9
sessions, 5224 trials; Monkey F: 8 sessions, 5418 trials. During
the learning period of the LO task, the accuracy of both subjects
steadily improved, and the RT differences between correct and
incorrect trials also increased with learning (Figures5A,B).Addi-
tionally, both subjects demonstrated the biggest learning effect
for non-face off-center dot cues, followed by monkey-face cues
(Figures 5C,D).
After the training period, the LO task was modiﬁed to include
30% of trials with a single peripheral target (0 distractor trials).
For these trials,the cue did not predict the location of the periph-
eral target (50% congruent-to-cue). The 0 distractor trials were
thus identical to the dynamic cue version of the RO task, and
serve as a cross-task comparison between reﬂexive orienting and
learned orienting. It should be noted that these 0 distractor trials
intheLOtaskweregovernedbysomewhatdifferentrulesthanthe
remaining70%of trials,whichhad1distractor.Inthe0distractor
trials, the rule was “look at the peripheral stimulus regardless of
the direction of the cue.” In the 1 distractor trials, the rule was
“look at the peripheral target that is congruent with the cue.”
Theeffectofcongruenceforthe0distractortrialsintheLOtask
wassimilartothatobservedinthedynamiccueversionof ROtask
(ANOVA, main effect: dfD1, F D31.32, p <0.001; Figure 6A).
Signiﬁcantcongruenceeffectswereobservedformonkey-facecues
(weighted two-tailed t-test: p D0.003), non-face off-center dot
cues (p D0.0001), and human-face cues (p D0.014), but not for
cartoon-face cues.
Accuracy for 1 distractor trials (Figure 6B) was above
chance but far short of ideal performance (mean percentage
correct: monkey-faceD62.55, off-center dotD67.89, cartoon-
faceD56.08, human-faceD57.59). This could possibly be attrib-
uted to the partial conﬂict between 0 and 1 distractor tri-
als as noted above. Mean RT for correct trials was signif-
icantly shorter than mean RT for incorrect trials (ANOVA,
main effect on RT difference: dfD1, F D125.52, p <0.0001).
The magnitude of the RT difference was greatest for monkey-
face cues, but signiﬁcant for all stimulus categories (monkey-
face: RT differenceD18.8ms, p <0.0001, off-center dot: 10.7ms,
p <0.0001, cartoon-face: 12.5ms, p <0.0001, human-face: RT
differenceD10.1ms,p <0.0001).
ANTICIPATORY SACCADES
Wedeﬁned“reactive”saccadesasthoseinitiatedmorethan100ms
aftertheonsetoftheperipheraltarget.InboththeLOandROtask,
over 90% of saccades made were reactive saccades. The remaining
population of saccades, which we termed anticipatory saccades,
had RT less than 100ms (some of these saccades had negative
RT, i.e., they were initiated prior to target-onset). Reactive sac-
cades might be driven by both the cue and the peripheral target.
Anticipatory saccades have only 100ms (or less) to incorporate
informationabouttheperipheraltarget,butupto550mstoincor-
porate information about the cue. Hence, anticipatory saccades
might reﬂect a tendency to imitate or “mirror” the behavior of
the cue stimulus. In this case, one would expect the majority of
anticipatory saccades to be congruent with the cued direction and
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FIGURE 4 | Congruence effect observed for RT in the Reﬂexive
Orienting (RO) task. Normalized reaction time (weighted
meanweighted SEM in ms) for congruent and incongruent trials per
stimulus category was calculated for both monkeys (F , C, and H). (A) Using
static cues, congruency effects on RT were observed for monkey-face and
spatial dot cues (*p <0.05, **p <0.01, ***p <0.001). (B) Density
distributions of RTs calculated relative to target-onset for congruent and
incongruent trials in the RO task with static cues. (C) Using dynamic cues,
congruency effects were observed across all stimulus types (*p <0.05,
**p <0.01, ***p <0.001). (D) Density distribution of saccadic RTs relative
to target-onset for congruent and incongruent trials in the RO task with
dynamic cues.
to occur more frequently for cues that elicit stronger automatic
orienting.
In the RO task, the cues that evoked the highest proportion of
anticipatory saccades were the monkey faces. The total number
of anticipatory saccades was two to six times greater for mon-
key faces than for the other cue categories (Figure 7A static trials:
1.3%,Figure7Bdynamictrials:5.4%).Forstaticcues(Figure7A),
anticipatory saccades were more likely to mirror the cue if it was a
monkey-facecue(binominaltest:p D0.049)oracartoon-facecue
(binominaltest:p D0.037).However,fordynamiccues,theantic-
ipatory saccades did not show a signiﬁcant tendency to mirror the
cuestimulus;monkeyswereequallylikelytomakeananticipatory
saccade in the same direction as the cue (congruent) as they were
to saccade in the opposite direction (incongruent, Figure 7B).
The total number of anticipatory saccades increased for dynamic
monkey-face cues and cartoon-face cues.
In comparison to the RO task, the percentage of trials with
anticipatory saccades was dramatically higher in the LO task
(Figure 7C 0 distractor trials: 5.1%, Figure 7D 1 distractor trials:
7.3%).ThisislikelyduetothefactthatintheLOtask,thecuespre-
dicted the rewarded target location. While this is strictly true only
for 1 distractor trials,it has to be kept in mind that the number of
distractorswasunknownpriortotheonsetoftheperipheraltarget.
Anincreaseinanticipatorysaccadeswasobservedineachstimulus
category. Binominal tests showed that percentages of congruent-
to-cue anticipatory saccades were above chance for all stimulus
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FIGURE 5 | Reaction times and percent correct during learning sessions.
Normalized reaction time (weighted meanweighted SEM in ms) for
congruent and incongruent trials were calculated for monkeys C and F . (A,B)
Signiﬁcant congruence effects (shorter RTs for correct trials, and longer RTs
for incorrect trials) developed over the course of nine and eight learning
sessions for both monkeys (*p <0.05, **p <0.01, ***p <0.001). (C,D)
Accuracy improved for all stimulus categories as a function of learning
sessions for both monkeys.
categories (0 distractor: monkey-face: p D0.0015, off-center dot:
p <0.0001, cartoon-face: p <0.0025, human-face: p <0.0025; 1
distractor: monkey-face: p <0.0001, off-center dot: p <0.0001,
cartoon-face: p D0.0002, human-face: p <0.012).
MICROSACCADES
Monkeys often made small saccades while viewing the cue stim-
ulus. Such saccades were generally directed toward features of
interest, such as the eyes. The frequency of such saccades could
be considered an index of the degree to which the monkey was
engaged or interested in the cue stimulus. To quantify the mon-
keys’ level of interest in the cue stimuli, we classiﬁed rapid eye
movements with amplitudes of less than 1.0˚ as “microsaccades”
(Kliegl et al., 2009). We then calculated the proportion of trials
with at least one microsaccade and divided these trials according
to whether or not the microsaccade was congruent with the cue
stimulus.
In the static cue version of the RO task, trials with
monkey-face cues and cartoon-face cues had higher percentages
of microsaccades (monkey-faceD23%, off-center dotD3.7%,
cartoon-faceD22.4%, human-faceD10.4%). The proportion of
congruent-to-cue microsaccades (Figure 8A) was above chance
formonkey-facecuesandcartoon-facecues(Staticcues:monkey-
face: p <0.001, off-center dot: p D0.39, cartoon-face: p <0.001,
human-face:p D0.26).ForthedynamiccueversionoftheROtask
(Figure8B),less than 5% of trials contained microsaccades for all
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stimulus categories (percentages: monkey-faceD2.6%, off-center
dotD1.3%, cartoon-faceD1.6%, human-faceD2.5%). Despite
the reduced number of microsaccades, binominal tests showed
that percentages of congruent-to-cue microsacades were above
chance for monkey-face and cartoon-face cues (Dynamic cues:
monkey-face:p D0.0315,off-centerdot:p D0.0557,cartoon-face:
p D0.0088, human-face: p D0.2601).
The percentages of trials with microsaccades increased
dramatically in the LO task (Figures 8C,D), presumably
because the cues predicted reward location (percentages for
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FIGURE 8 | Distribution of microsaccades in RO and LO tasks. (A)
Proportion of trials with microsaccades in the static RO task as a function
of cue type. Binominal tests demonstrated that percentages of
congruent-to-cue microsaccades were above chance for monkey-face and
cartoon-face cues (*p <0.05, **p <0.01, ***p <0.001). (B) For the
dynamic RO task, fewer than 5% of trials with microsaccades were
observed across all stimulus types. Percentages of congruent-to-cue
microsaccades were above chance for monkey-face and cartoon-face cues.
(C,D) In the LO task the percentages of congruent-to-cue microsaccades
were above chance for all stimulus types for the 0 distractor (C) and 1
distractor trials (D).
0 distractor trials: monkey-faceD13%, off-center dotD63%,
cartoon-faceD29%, human-faceD14%; percentages for 1
distractor trials: monkey-faceD14%, off-center dotD63%,
cartoon-faceD37%, human-faceD16%). The percentages of
congruent-to-cue microsaccades were above chance for all
stimulus categories (0 Distractor: monkey-face: p <0.0001,
off-center dot: p <0.0001, cartoon-face: p <0.0001, human-
face: p <0.0001; 1 Distractor: monkey-face: p <0.0001, off-
center dot: p <0.0001, cartoon-face: p <0.0001, human-face:
p <0.0001).
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DISCUSSION
Thesocialorientinghypothesispositsanaturallinkbetweensocial
cues such as gaze direction and visual spatial attention. Recent
worksuggeststhattheremaybedistinctneuralsubstratesforsocial
and non-social attention (Greene et al., 2009; Klein et al., 2009).
Thisideacanbebrokendownintoseveraltestablesub-hypotheses:
Socialcuesshoulddirectattentionautomatically,withouttheneed
for training. Social cues should be more potent in directing atten-
tion than non-social cues with comparable physical properties.
Cues from conspeciﬁcs should be more potent than cues from
otherspeciesorartiﬁcial(cartoon)images.Morerealisticdynamic
gestural cues should be more potent than static postural cues. We
tested all of these predictions in a series of experiments in which
we recorded the eye movements of three rhesus monkey subjects.
Weconﬁrmedtheadvantageof conspeciﬁcfacesoverthatof other
species and cartoons, but not over non-face stimuli (off-center
dots). We found that adding motion in the form of a simulated
glance had very little to no effect on enhancing the congruence
effect for conspeciﬁc faces, but had a signiﬁcant effect for human
faces. When the cues predicted reward, subjects learned the asso-
ciation between cue direction and reward location.After learning,
the accuracy and choice reaction time increased for all stimuli,
particularly for conspeciﬁc faces. However, the congruence effect
on reaction time remained largest for non-face stimuli.
AUTOMATICITY AND SPECIFICITY
We conﬁrmed previous reports (Deaner and Platt,2003) that gaze
cues (pictures of conspeciﬁcs faces looking to the left or right) are
associated with reﬂexive orienting of attention in rhesus macques
(Figure4A).We used a Posner paradigm in which the cued direc-
tion was not predictive of the location of the peripheral saccade
target. Nevertheless, response times for saccades to the peripheral
target were faster when the target location was congruent with the
gaze direction of the conspeciﬁc (monkey) face cue and slower
when the target and cue were incongruent. The magnitude of the
congruence effect on saccade initiation for conspeciﬁc face cues
averagedabout5.3ms.Duetooursmallsamplesize,wealsotested
for inter-subject variability and we did not ﬁnd a signiﬁcant effect
across subjects. It is important to keep in mind that our observa-
tions were not conducted in the wild but in a captive population.
Since these monkeys have been living in conﬁnement since birth
and with limited contact from other monkeys as adults, we did
not address the issue of dominance in this study. All pictures of
monkeys used in this study were unfamiliar monkeys with neu-
tral expressions chosen from the database of pictures from Yerkes
Regional Primate Center. Monkeys had been previously trained to
perform visual psychophysical and oculomotor tasks such as dis-
criminating the speed of random dot patterns or tracking moving
targets. The random dot stimuli were quite different than the cue
stimuli used in the current study, and it is difﬁcult to imagine
that there would be any carryover from discriminating random
dot motion to attending to faces or single dots. Tracking moving
targets is something that monkeys do naturally (indeed, they can
often be“trained”to perform smooth pursuit tasks in a matter of
minutes).
The congruence effect for gaze cues is typically interpreted as
resulting from a complex series of neural processes: (1) animals
decode information about the direction of gaze of conspeciﬁcs
from a complex visual stimulus, (2) they interpret the implicit
social message, i.e., “something interesting is happening over
there,” and (3) this message automatically directs their attention
to the cued location. However,so far,a simpler alternative has not
beenexcluded:theattentioncueisencodedbymeansof aphysical
feature, i.e., the relative positions of the pupils in the eyes. It is
in principle possible that this physical feature alone directs atten-
tion in a manner similar to a non-social spatial cue, in our case
the off-center dot. Our data allow us to dissociate the two mech-
anisms. In particular, we show that human and cartoon faces that
share a physical feature (relative position of pupils in the eyes) do
not appear to guide attention. Only monkey faces reliably guided
attention toward the cued direction. One would like to conclude
thattheeffectofmonkey-facecuesisduetothesocialmessagethey
encode. However, this interpretation is clouded by the fact that a
simple offset dot cue produced effects comparable to the monkey
faces. This control condition was not present in Deaner and Platt
(2003),presumablybecausenoeffectwasexpected.Theﬁndingof
arobusteffectraisesthepossibilitythatpurelyabstractstimulican
produce effects comparable to social stimuli. Thus, while one can
conclude that attending to monkey faces conferred an attentional
advantage over human and cartoon faces (and this may be due to
social attention), it was not the case that monkey faces were the
most potent attention cues overall.
POSTURAL VS. GESTURAL CUES
Gesturesmaybemorerealisticandsalientthanstaticposturalcues,
and hence more effective in directing attention. Gestures may also
induce a “mirroring” response in which the subject imitates the
movement performed by the cue image. We tested this by design-
ing cue stimuli that simulated a“glance”with two-frame motion.
We found that this dynamic gestural cue enhanced the congru-
ence effect by at least 2ms for all stimuli except monkey-face cues
(Figure 4C). For monkey faces, the effect of adding motion was
only 0.7ms more than the static cue (Figure 4A). Adding motion
dramatically increased the percentage of anticipatory saccades for
all stimuli (compare Figure 7A, static, vs. Figure 7B, dynamic),
buttheseanticipatorysaccadeswereequallylikelytobecongruent
or incongruent with the direction of motion in the cue.
One possible explanation for the weak effects of motion in the
monkey-face cues is the fact that, unlike a human eye, the rhe-
sus eye has low contrast between the pupil, iris, and sclera, thus
creating the least amount of motion energy (Figure 2B). It has
been suggested that the human eye is uniquely suited to promote
fast discrimination of gaze direction, for it has a much higher
dark-iris-to-whitecontrastcomparedtonon-humanprimateeyes
(Kobayashi and Koshima, 1997). We computed motion energy
(Figure 2B) for each image class individually to assess whether or
not it was a signiﬁcant factor in determining congruence effects.
We found that cartoon faces and dots possessed the strongest
motion energy due to the fact that their features had the high-
est contrast. However, motion in the cue stimulus had the biggest
behavioral effect for human faces,despite their comparatively low
motion energy. Hence, it seems unlikely that motion energy was
a signiﬁcant factor in orienting of attention. In fact, while sta-
tic human-face cues failed to elicit a signiﬁcant effect, dynamic
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human-facecuesdidproduceasigniﬁcantcongruenceeffect.This
suggeststhatstatichumanfaceslacktheintrinsicvaluethatreﬂex-
ively drives social attention. However,in the context of a dynamic
gesture,which is more realistic,human faces may come to acquire
a similar degree of social signiﬁcance as conspeciﬁc faces.
Because cartoon faces were made up of high contrast edges,
these images had the largest Fourier amplitude (Figure 2A)
across all spatial frequencies and also the highest motion energy
(Figure2B).However,bothstaticanddynamiccartoonfaceswere
consistentlytheleasteffectivestimuliforguidingattention.Wecan
infer that high contrast image features, such as the contour lines
that deﬁne a cartoon face, are not sufﬁcient to drive attention,
thus explaining why cartoon faces may not function effectively as
social cues.
EFFECTS OF LEARNING
The current ﬁndings raise a key question: are macaques able to
decode the social message inherent in human and cartoon face
images? If so, the lack of an effect for these stimuli would arise
because monkeys do not act on the social message, presumably
because they do not consider the focus of attention of a human
(or cartoon) subject worthwhile. This could be changed if the
monkeys learn that the direction of gaze of human or cartoon
faces is predictive of reward. Thus, in addition to reﬂexive orient-
ing of attention,we also studied overt choice behavior in response
to face and non-face cues in the Learned Orienting (LO) task. We
made both the face and non-face stimuli equally valuable in terms
of predicting the rewarded target location.
Accuracy (percent correct) for the LO task improved over ses-
sionsforallstimuluscategories(Figures5C,D).However,subjects
demonstrated the best performance for non-face off-center dot
cues. Performance for monkey faces was better than for human
andcartoonfaces.Thus,monkeyfacesyieldedbetterperformance
than other face stimuli, but not the best accuracy overall.
Afterlearning,therewasanincreaseinthechoicereactiontime
difference between correct and incorrect trials averaged over all
stimuli (Figures 5A,B). This is expected if learning inﬂuences a
diffusion-to-bound decision process (Ratcliff and McKoon,2008)
byincreasingtherateofevidenceaccumulationforthecuedtarget.
While the choice RT difference was signiﬁcant for all stimuli, the
effect was roughly twice as large for monkey faces than for other
stimuli (Figure6B). Taken together,accuracy and RT data suggest
that monkey faces were most effective in inducing learning.
For trials with no distractor,learning did not increase the con-
gruenceeffectonreactiontimeforanystimuluscategory(compare
Figures4Cand6A).However,learningdidincreasetheoverallfre-
quency of anticipatory saccades and microsaccades as well as the
proportion of these saccades that were congruent with the cue.
These effects were strongest for non-face cues.
To interpret results from the learned orienting task, we must
consider both the decision-making and attention components
of the task. The aspects of the task that reﬂect decision-making
(accuracy and choice RT) were enhanced by learning and this
enhancement was strongest for monkey faces and non-face cues.
Giventhataccuracywasaboutthesameforbothmonkeyfacesand
non-face cues, but that choice RT differences were much greater
for monkey faces, the latter cue category appears to mediate the
strongest effects of learning on decision-making.
Aspects of the task that are more closely associated with atten-
tion (congruence effect, anticipatory saccades, microsaccades)
were either not enhanced by learning or enhanced most for
non-face stimuli. For face stimuli, the effects of learning appear
to be stronger for behavioral outputs that are associated with
decision-making than those associated with attention.
GENERAL CONCLUSIONS
Taken as a whole, the ﬁndings of the current study suggest that
gaze direction cues, which are sometimes assumed to be inher-
ently social, can direct attention automatically regardless of the
rewardvalueassociatedwiththecue.Thiseffectisspecies-speciﬁc,
as attentional effects for monkey faces were always stronger than
those for human and cartoon faces. However, all face stimuli
showed weaker effects when compared to the most rudimentary
non-social stimuli. This study also showed that motion gener-
ally enhances the magnitude and reliability of attentional effects
for all stimuli. When the cues were predictive of reward, mon-
keys learned this association for all stimuli, regardless of social or
non-social content. Learning affected both attention-related and
decision-related aspects of the task. The decision-related learning
was strongest for monkey faces, while attention-related learning
was strongest for non-face stimuli.
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